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James K. Agee, College of Forest Resources, University of Washington, Box 352100, Seattle, Washington 98195

The Landscape Ecology of Western Forest Fire Regimes

Abstract

Fire has had a major role in shaping the forested landscapes of the American West. In recent decades, major efforts to quantify that
role have been made, and characteristics of historic fire regimes have been defined: frequency, magnitude, variability, seasonality,
synergism, and extent. Together, these characteristics also defined the historic landscape effects of fire in low-, moderate-, and
high-severity fire regimes. Coarse-filter conservation strategies typically rely on knowledge of natural disturbance regimes to
define appropriate forest structure goals, both at the stand and landscape scale, and these will differ by fire regime. Historic patch
size increased across the low- to high-severity spectrum, but edge was maximized in the moderate-severity fire regime. Fire
exclusion in the 20th century has caused two major types of landscape change: loss of openings in once patchy landscapes, and
imposition of high-severity landscape dynamics in areas where wildfires that escape suppression now burn. Effects of historical
fire regimes may be in some cases either difficult to mimic or undesirable.

Introduction

Fire has been a central theme of American forest
management during the 20th century. It was the
impetus for the first legislation allowing Federal
forestland purchase (the Weeks Act of 1911), the
first legislation allowing Federal cost-share pro-
grams to the States (Clarke-McNary Act of 1924),
and the focus on impressive technology devel-
oped for purposes of fire control. The control of
forest fire has been one of the most intensive natural
resource investments made by government, yet
paradoxically its success has resulted in a fire
control problem that now commonly overwhelms
firefighters (Brown and Arno 1990).

Emerging concerns related to biodiversity have
stimulated efforts to favor more “natural” forms
of management, emulating historical disturbances
within the “natural range of variability” (Morgan
et al. 1994). Biodiversity plans can be classified
into coarse and fine filter approaches, and usu-
ally are a combination of both. Coarse filter ap-
proaches focus on management at the ecosystem
level (Hunter 1990), with the assumption that
naturally functioning ecosystem processes will
create and maintain appropriate forest structures
necessary for biodiversity maintenance (Karr and
Freemark 1985, Attiwill 1994, Swanson et al.
1997). Where this approach leaves certain spe-
cies or guilds at risk, fine filter approaches that
manage at finer scale are also implemented (Hunter
1990, Haufler et al. 1996). The coarse filter ap-
proach can be successful only if the landscape
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ecology of natural disturbance is known, and an
eventual substitution of a few coarse filter ap-
proaches for a plethora of fine-filter approaches
can be justified only if the coarse filter meets the
needs of the fine filter species.

The role of fire in landscape ecology is con-
founded by a lack of understanding of the rela-
tionships between pattern and process. Pattern,
or the architecture of the forest as described by
species composition and structure, including fuel
amounts, size classes, and arrangement, clearly
affects the manner in which the process, fire, burns.
Yet the behavior of a fire is only partly depen-
dent on pattern, as the fire behavior “triangle”
includes not only fuels and topography but also
weather (Agee 1997), which is marginally influ-
enced by pattern. The objectives of this paper are
to describe what is currently known about land-
scape character of western forest fire regimes and
relate these to pattern and process, including
management implications.

Fire has been the most pervasive natural dis-
turbance factor across Western forest landscapes
(Spurr and Barnes 1980), but it did not work in-
dependently of other disturbances. To avoid con-
tradictions in scale terminology (e.g., Silbernagel
1997), fine scale will refer to minute resolution
(large scale in a cartographic sense) and coarse
scale will refer to broad areas (small scale in a
cartographic sense). Fire has had both fine and
coarse scale effects on the forests of western North
America (Agee 1993), but these effects differed
considerably by fire regime.



The Fire Regime

Natural disturbances range from benign to cata-
strophic, and can be generated from within or
outside of the ecosystem (White 1987). The dis-
turbance effects in either case are due in part to
current pattern or structure and to the nature of
the disturbance. Disturbance is usually charac-
terized by a combination of factors: type, frequency,
variability, magnitude, extent, seasonality, and
synergism with other disturbances (White and
Pickett 1985). Western forest fires have a wide
range of historic frequencies from less than 10 to
over 500 years that vary considerably by forest
type. Predictability is associated with variability,
and either very short or very long fire return in-
tervals compared to the average interval can have
major ecological effects. Non-sprouting species
killed by one fire can be locally extirpated by a
second closely-spaced fire; when fire intervals are
unusually long, fire-sensitive species may pass
through the critical period of their life history.
Magnitude is often described as fireline intensity,
ameasure of energy output related to flame length,
although other less predictable factors such as
duration of smoldering can also be important.
Extent describes the scale of the fire, but is gen-
erally poorly related to fire effects without knowl-
edge of magnitude. Seasonality describes when
fires occur in the year. In the American South-
west, spring months are inferred to be the most
common season (Swetnam and Betancourt 1990),
while in the Pacific Northwest, mid- to late sum-
mer appears to be the most common season (Wright
1996). Synergism, or the interaction of fire with
other disturbances, is poorly understood and gen-
erally unpredictable. Insects, disease, and wind
may follow fire events with more than endemic
background effects, and conversely, accelerated
fire effects may follow other disturbances. Many
secondary effects such as soil mass movement
may follow intense fires (Swanson 1981).

The fire regimes of western forests are usu-
ally described in terms of historical fires, and in-
terpreted much the same way as potential veg-
etation (e.g., Daubenmire 1968): what occurred
historically and what the trajectories of change
may be with or without management (Agee 1993).
Fire regimes based on fire severity (Agee 1993)
are defined by effects on dominant organisms,
such as trees, and although broadly described in
three classes, can be disaggregated to the forest

type or plant association level if desired. The ap-
proach below is to use these broader classes as
an organizing paradigm within which individual
forest types are discussed. The high-severity fire
regimes were those in which the effect of a fire
was usually a stand replacement event (Figure 1).
The low-severity fire regimes were those in which
the typical fire was benign to dominant organ-
isms across much of the area it burned, while the
moderate-severity fire regimes had a complex mix
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Figure 1. A. Historic fire regimes of the Pacific Northwest
can be broadly defined into three categories: low-,
moderate- and high-severity. Each fire regime has
a number of forest types within it that have similar
landscape patterns created by fire. B. Historic fire
intensity and associated effects varied by fire re-
gime.
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of severity levels. These artificial classes obscure
the variation that is better captured in Figure 1.
Nevertheless, the landscape effects of historic fire
regimes at the left, middle, and right side of the
spectrum were quite different from one another.

Landscape Metrics

There are myriad metrics that may be generated
for landscapes, and the important ones may dif-
fer depending on the problem (McGarigal and
Marks 1994). Patch size, edge, shape, core area,
nearest neighbor, and diversity metrics are among
the most common. For historical fire regimes, these
metrics are rarely available in quantifiable form,
and because the pattern of scale is so variable,
metrics are not easily compared across fire re-
gimes. The “grain” size may be much less than 1

TABLE 1. Patch size character of western forest fire regimes.

ha in historic ponderosa pine (Pinus ponderosa)
forests (White 1985), but thousands of hectares
in subalpine or boreal forests (Bessie and Johnson
1995). Two landscape metrics are compared be-
low across the spectrum of Western forest fire
regimes.

Patch Size

Patch size as used here refers to openings created
by fire within which post-fire regeneration is likely
to occur and persist. This is a subjective defini-
tion but one that helps define an ecologically sig-
nificant and recognizable shift in forest structure.
Patch size differs from fire extent in that a fire
may spread widely across a landscape but may
create conditions for regeneration only in selected
locales. A large fire can be associated with creation

Severity of State/ Patch size (ha)

fire regime Province Forest type Mean Median Range

Low AZ Ponderosa pine (Cooper 1960) - - 0.06-0.13

Low AZ Ponderosa pine (White 1985) - - 0.02-0.29

Low OR Ponderosa pine (West 1969) 25 - -

Low OR Ponderosa pine (Morrow 1985) - - 0.025-0.35

Low CA Mixed conifer - - 0.03-0.16
(Bonnicksen and Stone 1981)

Moderate OR Red fir' 2.67 0.84 0.11-31.09
(Chappell and Agee 1996)

Moderate OR Red fir 1.34 0.39 0.12-10.08
(Chappell and Agee 1996)

Moderate OR Douglas-fir* 8.46 222 0.13-74.71
(Morrison and Swanson 1990)

Moderate OR Douglas-fir® 11.03 2.70 0.15-253.23
(Morrison and Swanson 1990)

High WA/OR Western hemlock-Douglas-fir® >10,000
(Agee 1993)

High ID Western hemlock® >10,000
(Stickney 1986)

High MT/WY Lodgepole pine-subalpine fir® >10,000
(Romme and Despain 1989)

High OR Mountain hemlock® >3,200
(Dickman and Cook 1989)

High AL White and black spruce’ 0.01-17,700

(Eberhart and Woodard 1987)

! red fir = Abies magnifica, western hemlock = Tsuga heterophylia, lodgepole pine = Pinus contorta, subalpine fir = Abies
lasiocarpa, mountain hemlock = Tsuga mertensiana, white spruce = Picea glauca, black spruce = Picea mariana
2 Goodbye fire, remeasured from maps in report

* Desert Cone fire, remeasured from maps in report

41893 Event Cook/Quentin Creek, remeasured from maps in report

5 Fires of 1800-1900 Cook/Quentin Creek, remeasured from maps in report

§ Actual patch size may have ranged from 0.01 ha spots to much larger sizes than noted
7 Fires <20 ha were omitted from the analysis but occur in the area.
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Figure 2. Ponderosa pine forest has a classic low-severity fire
regime. Patches on this landscape may be as small
as 0.01 ha. This pattern is disappearing across the
range of the species by ingrowth of trees since the
fire exclusion period and selective harvest of the
older clumps of trees.

of only very small patches. The data shown in
Table 1 are not a comprehensive list of patch sizes
in western forests but are representative of those
sizes,

The best example of large fires and small patches
(regeneration) are found in the low-severity fire
regimes (Figure 2). Fires burned frequently in these
forests, and by regularly consuming fuels, kill-
ing small trees and pruning the boles of residual
trees, maintained a relatively fire-resistant land-
scape across which overstory mortality from fire
was rare. Forests with a large component of pon-
derosa pine commonly had very small patch sizes
(Table 1), although historic fires commonly ranged
over hundreds to thousands of ha (Wright 1996),
The condition that caused the patch was in many
cases senescence of an old group of trees, bark

beetle attack, and subsequent consumption of the
debris by fire, resulting in a range of patch sizes
usually < 0.4 ha. The rest of the forest, for most
ecological purposes, was a fairly uniform mosaic
of mature tree clusters and grassy understories.

Larger patch sizes are typical of moderate-se-
verity fire regimes. Although the lower end of the
size range is within that of the low-severity fire
regimes, much larger patch sizes also occur (Table
1). These patches are defined by the amount of
mortality created by the fire, with low-severity
patches underburning with little mortality, mod-
erate-severity patches having some mortality but
substantial numbers of residual trees in the larger
size classes, and high-severity patches where most
trees have been killed (Figure 3). The low- sever-
ity patches may appear much like the unburned
forest, while the moderate-severity patches will
often develop a multiple-age structure. High-se-
verity patches will develop an even-aged struc-
ture if regeneration is immediate, or may revert
to nonforest vegetation if tree seed sources are
limited (Chappell and Agee 1996). Smaller patches
related to canopy gaps at the scale of 0.0025-.04
ha (Taylor and Halpern 1991) also occur in these
forests, and large stand replacement patches >500
ha have occurred in red fir forests in California
(D. Parsons, Sequoia-Kings Canyon National
Parks, pers. comm.).

High-severity fire regimes often have fire events
that are driven by extreme weather (Bessie and
Johnson 1995, Agee 1997). Although the major-
ity of fires in such areas are very small, most of
the area burned is from the few larger fires. They
occur infrequently and in ecosystems where most
or all of the trees species are not adapted to sur-
vive intense fires, so the result is usually a stand
replacement fire event (Figure 4). Because fires
are infrequent, forest structures are often late-suc-
cessional, with multiple crown layers and high
susceptibility to crown fire behavior. Wind-driven
events can create patches many thousands of ha
in size (Table 1). Boreal forests (Johnson 1992),
subalpine forests (Agee and Smith 1984), and wet
coastal forests (Heinrichs 1983) are the most wide-
spread examples of this type of fire regime in the
West. As with the high-severity patches in the
moderate-severity fire regime, post-fire tree re-
generation depends on seed source availability
or vegetative regeneration.
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Figure 3. Red fir forest has a moderate-severity fire regime. Stand replacement patches are mixed with those where thinning of
the overstory dominants has occurred. and those where light underburns have no effect on the overstory at all. Patches
in the foreground that appear to have a smooth canopy texture are stand replacement patches from a fire many decades

old, while a new stand replacement patch is visible in the background. The rest of the landscape has burned with lower
severity fire.

Figure 4. Subalpine forests, with a high-severity fire regime, may remain treeless for a century or more after being burned.
Interior areas of large patches are slower to recolonize than areas near the edge where seed is more likely to blow in
from adjacent unburned forest.
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Patch Edge

The metric chosen to compare edge across fire
regimes is the edge index used by Eberhart and
Woodard (1987). They calculated the edge index
by measuring the perimeter of all burned areas,
including unburned “islands” within the burn, and
computing a ratio between that total perimeter
and the perimeter of a circle of the same area as
the fire (representing the minimum edge condi-
tion). Larger values of the index represent fires
with higher proportions of edge relative to patch
size. This index was adapted for use here by in-
corporating the edge created between patches of
varying severity in moderate-severity fire regimes,
not just the edge between burned and unburned
areas used in high-severity fires. Any edge index
has inherent limitations based on image interpre-
tation, based on the minimum patch size recog-
nized, how many fire severity classes are defined,
and the range of fire severity included in each
class. In this simplified analysis, only three fire
severity levels were used, based on overstory
mortality, and specific edge indices are not inter-
preted as absolute values but as relative values
comparable broadly between fire regimes.

This index could not be computed for low-se-
verity fire regimes, because edges are diffuse ex-
cept where small old patches are “decaying” and
where fires may be more intense (Agee 1993).
Such patches “wink” in and out as they blend with
older forest patches nearby. Structural differences
between a 150-year-old patch and an adjacent 250-
year-old patch are so slight as to be ecologically
meaningless. An edge index for low-severity fire
regimes would probably be less than 1, as in any
defined fire size, that could be represented as a
circle of the same area, the perimeters of the small
patches where fire would be intense would likely
be less than the perimeter of the fire size circle
(which itself would not count as “fire perimeter”
because it does not necessarily create any edge).

Moderate-severity fire regimes appear to have
considerably more edge than low- or high-sever-
ity fire regimes (Table 2). Because these values
were taken from only a few fires, there is prob-
ably a wider range of edge index values than shown
in the table, but the range from 6 to 20 suggests
that moderate-severity fire regimes create substan-
tial patchiness on the landscape. These fires typi-
cally burned for months (van Wagtendonk 1985),

TABLE 2. Patch edge character of Western forest fire regimes.

Severity of Edge
Fire Regime Forest Type Index
Moderate  Red fir! 11.66
(Agee and Chappell 1996)
Moderate Red fir? 6.19
(Agee and Chappell 1996)
Moderate ~ Douglas-fir® 11.16
(Morrison and Swanson 1990)
Moderate  Douglas-fir* 21.79
(Morrison and Swanson 1990)
High Western hemlock/Douglas-fir 372
(Hoh fire—500 ha—Olympic National Park)
High White spruce-black spruce
(Eberhart and Woodard 1987)
20-40 ha fires 2.17
41-200 ha fires 3.29
201-400 ha fires 348
401-2000 ha fires 5.11
2001-20000 ha fires 7.47

' Goodbye fire, remeasured from maps in report

2 Desert Cone fire, remeasured from maps in report

31893 Event Cook/Quentin Creek, remeasured from maps in
report

4 Fires of 1800-1900 Cook/Quentin Creek, remeasured from
maps in report

and burned under severe and benign fire weather,
across complex topography, during the day and
at night, such that substantial variation in burn-
ing conditions resulted. In addition, fuel varia-
tion caused fires to stop or slow at boundaries of
previously burned areas (van Wagtendonk 1985).

High-severity fire regimes have lower edge than
moderate-severity fire regimes, but there appears
to be overlap, particularly as high-severity fires
become larger (Table 2). Wind-driven fires tend
to be elliptical in shape rather than circular (Ander-
son 1983), so an edge index >1 is almost certain
even in uniform terrain and fuels. Larger fires tend
to be those that burn over longer periods and are
associated with more weather variation and a higher
probability of the head moving in more than one
direction. This is likely to create more edge. In
addition, larger fires tend to have larger unburned
islands (Eberhart and Woodard 1987) and this is
associated with increased edge effect. Simulated
fire spread models for boreal forests (Ratz 1995)
have produced edge index values similar to those
shown for high-severity fire regimes in Table 2.

Landscape Ecology of Fire Regimes 29



Patch Characteristics, Fire Severity, and
Implications for Management

The landscape metrics of historical forests of the
American West differed by fire regime (Table 3,
Figure 5). Fires of large extent were common in
all fire regimes, but their effects on the landscape
were quite different. Fine-scale pattern was cre-
ated and maintained in low-severity fire regimes,
while coarse-scale pattern occurred in high-se-
verity fire regimes. Where forest types of differ-
ent fire regimes were closely juxtaposed, the

characters of each intermingled (Agee et al. 1990).
A small inclusion of cool, moist forest classified
as a high-severity fire regime, surrounded by a
much larger landscape of dry, warm forest with a
low-severity fire regime, tended to have some of
the character of the low-severity type: patchier,
more frequent fire with smaller patch size and
more edge than found where the type was widely
distributed. The landscape context of the forest,
including landform effects (Swanson et al. 1988),
inherent edge (Yahner 1988), and the adjacent
forests with their characteristic fire-induced patch

TABLE 3. Relative landscape characters of Western forest fire regimes.

Fire Regime

Landscape

Character Low-severity Moderate-severity High-severity

Patch Size' Small (= 1 ha) Medium (1-3004+ ha) Large (1-10000+ ha)

Edge Low Amount High Amount Moderate Amount
Pre-Post Fire
Similarity? High Moderate Low

! The average patch within which tree regeneration will be open-grown.
* Of the total area burned, the proportion resembling the pre-fire forest structure.

Low-Severity Fire Regime

@ ©

Moderate-Severity Fire Regime

High-Severity Fire Regime

[ High-Severity Patch

Figure 5. A schematic of landscape pattern of fire regimes. Black dots in low-severity fire regimes are very old patches of large,
old trees being killed by insects and decomposed by fire, and gray dots are emerging pole-size stands that have less-
defined edge. The moderate-severity fire regime is typically a complex mosaic of larger patches of the three fire severity
levels, while the high-severity fire regime has large stand replacement patches.



and edge patterns, is important in understanding
the historic landscape character of a forest type.

The predominance of pattern versus process
as controlling factors of fire and forest landscape
dynamics will vary by fire regime. Most theo-
retical approaches to disturbance and forest pat-
tern have simplified disturbance and fire to a bi-
nary process: a landscape cell is either disturbed
or not (e.g., Turner et al. 1989). These models
have utility in high-severity fire regimes (Turner
and Romme 1994, Ratz 1995), but have less util-
ity for moderate- and low-severity fire regimes,
and present scaling problems when applied to real
landscapes. In the low- and moderate-severity fire
regimes, fires spread widely but had significant
pattern effects on only medium to small portions
of the landscape, and the control of process by
pattern is obvious. Frequent, low-intensity fires
created temporary fire barriers by consuming fu-
els, and resulted in a jigsaw-like shape of subse-
quent fires. This has been shown by Wright (1996)
for ponderosa pine, a low-severity fire regime,
and by van Wagtendonk (1985) for red fir, a mod-
erate-severity fire regime. Pattern, as represented
by age-class distribution and spatial structure, was
so fire-tolerant in low-severity fire regimes that
while the forest was dependent on fire in the long
run to maintain its pattern, it was relatively im-
mune to severe short-term effects; the interaction
of pattern and process resulted in a quasi-stable
system. While a true equilibrium system with
balanced age classes has not been shown even
for ponderosa pine (Cooper 1960), the low-se-
verity fire regimes were much more stable than
high-severity fire regimes.

Under “normal” weather, pattern has also been
shown to control process in high-severity fire re-
gimes. Naturally-occurring fires in older forests
at Yellowstone National Park, between 1972 and
1987, tended to slow or stop at boundaries of young
forest with simpler, less fire-prone structure
(Despain and Sellers 1977, Romme and Despain
1989). However, very large historic fires appear
to have been the source of much of the widespread,
older forest (Romme 1982), indicating that pro-
cess must have overwhelmed pattern at some dis-
tant time in the past. The Yellowstone fires of 1988
burned forests of all ages, indicating that process
overwhelmed pattern (Romme and Despain 1989),
which has also been documented for Canadian
subalpine forests (Bessie and Johnson 1995). While
an individual stand may appear stable over time

to a human observer, the landscapes of high-se-
verity fire regimes (a specific spatial scale) over
the lifespan of a tree (a specific temporal scale)
are considered non-equilibrium systems (Baker
1989, Turner and Romme 1994) because of the
nature of the disturbance process: infrequent, large,
severe fires that have a persistent effect (centu-
ries-long) on landscape pattern.

Modern forestry has had significant effects on
landscape pattern, but probably the most perva-
sive effect has been that of fire exclusion. Effects
of fire exclusion are extensive in low-severity fire
regimes (Weaver 1943), less in moderate-sever-
ity fire regimes, and least in high-severity fire
regimes, because fire has been removed for more
fire-return intervals in low- and moderate-sever-
ity fire regimes than in the high-severity fire re-
gimes. By allowing forest patches in low-sever-
ity fire regimes to converge in structure, developing
multi-layered character with increased fuel loads,
the infrequent wildfire that escapes control un-
der severe weather conditions now has much more
severe effects (Agee 1997). Forest openings, once
characteristic of many fire-prone landscapes, have
decreased in size as surrounding forests have be-
come more dense (Skinner 1995). Much of the
induced edge that persisted in a shifting mosaic
through the 19th century is now a subtle edge
between mature and old-growth forest (Morrison
and Swanson 1990), and these landscapes are now
more prone to high-severity fire. A persistent but
more unstable landscape pattern is being created,
not only in patch metrics but in susceptibility to
future severe fire. Higher proportions of post-fire
regeneration in sprouting hardwoods and seroti-
nous-coned pines will be more likely to be killed
by future fires than the more fire-tolerant mature
pines, larches (Larix occidentalis), and Douglas-
firs (Pseudotsuga menziesii) they replace.

Wide riparian forest buffers are being prescribed
for some western forests. While they have been
defended on the basis of protection for aquatic
organisms, including endangered fish, corridors
for wildlife, and sources of coarse woody debris
for future stream habitat, they have also been
documented, under some conditions, as corridors
for severe wildfire (Segura and Snook 1992, Agee,
pers. obs.). There are few data with which to evalu-
ate the flammability of riparian zones. More com-
plex structures often do occur in riparian zones,
but these may be due to better site quality, allow-
ing faster post-fire succession, or to less frequent
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or lower severity fire in these sheltered locations
(Romme and Knight 1981). In the dry eastern
Washington Cascades, high-elevation forest refugia
(areas less likely to burn) were identified as oc-
curring above 1500 m elevation on north aspects,
and often adjacent to the confluences of peren-
nial streams (Camp et al. 1997). In northern Cali-
fornia mixed-evergreen forest, late-successional
forest structure is most likely to be found in lower
slope positions and on north and east aspects (Tay-
lor and Skinner in review). Conversely, in west-
ern Idaho, riparian zones in some locations have
burned more severely than associated uplands
(Figure 6). Clearly, complex interactions are oc-
curring between process, pattern, and landscape
position of riparian forests, and need to be evalu-
ated in more depth.

The concept called “natural range of variabil-
ity” has been proposed as an appropriate coarse
filter approach to ecosystem management. Simu-
lating natural disturbance processes and patterns
is one way to maintain broadly-defined ecosys-
tem productivity (Attiwill 1994, Swanson et al.
1997). In most Western forest ecosystems, there
is still enough residual evidence in live trees and
stumps to allow reconstruction of historic land-
scapes over time (Agee. 1993, Wallin et al. 1996).
In high-severity fire regimes, Baker (1994) sug-
gested that reintroducing the process of fire might
itself be sufficient to restore the natural pattern.
In low-severity fire regimes the issue has been
debated (Bonnicksen and Stone 1982, Parsons et
al. 1986), but the debate has centered more on
objectives of pattern or process rather than whether
some type of reconstruction was desirable. Al-
though these debates were first associated with
natural areas, the trend towards coarse filter con-
servation strategies for many forest lands has ex-
panded the potential implications of these argu-
ments to much of the forested land of the West.
There is no “right answer” in these arguments,
but it is clear that in low-severity fire regimes,
modification of fuel structures by underburning
or thinning will move the system towards a more
natural pattern. Continuing to remove large green
trees in conjunction with salvage logging will
exacerbate current conditions (Agee 1997). In
moderate-severity fire regimes, timber harvest-
ing that moves away from traditional large clearcuts
to (a) partial cuts, (b) small patch cuts with snag
retention, and (c) a system of reserves, utilizing
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Figure 6. Portions of the riparian zone of Little French Creek,
Payette National Forest, Idaho, burned much more
severely than adjacent uplands, The riparian zone
(A) had substantial dead Engelmann spruce (Picea
engelmannii) and multilayered structure, and
burned with a crown fire. The upland forest (B).
which had burned in ca. 1900 and again in 1933,
was composed of self-pruned, widely spaced lodge-
pole pine with a huckleberry (Viaccinium scoparium)
understory and little coarse woody debris, and spot
fires here did not spread (U.S. Forest Service photo
by Morgan Beveridge).

prescribed fire even in reserves, will create more
natural pattern than either past management or a
pure reserve system with no recognition of pro-
cess. In high-severity fire regimes, large patch sizes,
although perhaps historically present, will be dif-
ficult to manage for and may be perceived as a
“catastrophe best to be avoided” (Hunter 1993).
When the severe weather event occurs, we may
not have as much control over nature as we think,
so large patch sizes will probably occur in these
systems regardless of our desires.



Acknowledgements

This paper was supported by USDA Forest Ser-
vice Cooperative Agreement PNW 93-0401 be-
tween the Pacific Northwest Research Station and

Literature Cited

Agee, J.K. 1993. Fire Ecology of Pacific Northwest Forests.
Island Press. Washington, D.C.

. 1997. The severe weather wildfire: too hot to
handle? Northw. Sci. 71: 153-156.

Agee, ] K., M. Finney, and R. deGouvenain. 1990. Forest fire
history of Desolation Peak, Washington. Can. J. For.
Res. 20: 350-356.

Agee, ] K., and L. Smith. 1984, Subalpine tree reestablish-
ment after fire in the Olympic Mountains, Washing-
ton. Ecol. 65: 810-819.

Anderson, H.E. 1983, Predicting wind-driven wild land fire
size and shape. USDA For. Serv. Res. Pap. INT-305.
Intermountain Research Station. Ogden, Utah. 26 pp.

Attiwill, PM. 1994. The disturbance of forest ecosystems:
The ecological basis for conservation management.
For. Ecol. and Manage. 63: 247-300.

Baker W.L. 1989. Effect of scale and spatial heterogeneity
on fire-interval distributions. Can. J. For. Res. 19: 700-
706.

. 1994. Restoration of landscape structure altered
by fire suppression. Conserv. Biol. 8: 763-769.

Bessie, W.C. and E.A. Johnson. 1995. The relative impor-
tance of fuels and weather on fire behavior in subal-
pine forests. Ecol. 76: 747-762.

Bonnicksen, TM., and E.C. Stone. 1981. The giant sequoia-
mixed conifer forest community characterized through
pattern analysis as a mosaic of aggregations. For. Ecol.
and Manage. 3: 307-328.

. 1982. Managing vegetation within U.S. national
parks: A policy analysis. Environ. Manage. 6: 101-
102, 109-122.

Brown, J.K., and S.F Arno. 1990. The paradox of wildland
fire. Western Wildlands (Spring): 40-46.

Camp, A, C. Oliver, P. Hessburg, and R. Everett. 1997. Pre-
dicting late-successional fire refugia pre-dating Eu-
ropean settlement in the Wenatchee Mountains. For.
Ecol. and Manage. 95: 63-77.

Chappell, C.B., and J.K. Agee. 1996. Fire severity and tree
seedling establishment in Abies magnifica forests,
southern Cascades, Oregon. Ecol. Appl. 6: 628-640,

Cooper, C.F. 1960. Changes in vegetation, structure, and growth
of southwestern pine forests since white settlement.
Ecol. Monogr. 30: 129-164.

Daubenmire, R.F. 1968. Plant Communities: a Textbook of
Plant Synecology. Harper and Row. New York.
Despain, D.G., and R.E. Sellars. 1977. Natural fire in
Yellowstone National Park. Western Wildlands 4: 20-

24.

Dickman, A., and S. Cook. 1989. Fire and fungus in a moun-

tain hemlock forest. Can. J. Bot. 67: 2005-2016.

the University of Washington. The assistance of
Robert Norheim in analyzing patch characters,
and Donald McKenzie in manuscript review, is
greatly appreciated.

Eberhart, K.E., and PM. Woodard. 1987. Distribution of re-
sidual vegetation associated with large fires in Alberta.
Can. J. For. Res. 17: 1207-1212.

Haufler, J.B., C.A. Mehl, and G.J. Roloff. 1996. Using a coarse-
filter approach with species assessment for ecosys-
tem management. Wildl. Soc. Bull. 24,2: 200-208.

Heinrichs, J. 1983. Tillamook. J. For. 81: 442-446.

Hunter, M.L. 1990. Wildlife, Forests, and Forestry: Principles
of Managing Forests for Biodiversity. Prentice-Hall,
Englewood Cliffs, New Jersey.

Hunter, M.L.. 1993. Naturatl fire regimes as spatial models
for managing boreal forests. Biol. Cons. 65: 115-120.

Johnson, E.A. 1992. Fire and Vegetation Dynamics: Studies
from the North American Boreal Forest. Cambridge
University Press. Cambridge.

Karr, J.R., and K.E. Freemark. 1985. Disturbance and verte-
brates: An integrative perspective. In: Pickett, S.T.A.,
and P.S. White (eds) The Ecology of Natural Distur-
bance and Patch Dynamics. Academic Press. New York.

McGarigal, K., and B. Marks. 1994. FRAGSTATS: spatial
pattern analysis program for quantifying landscape
character. Oregon State University, Corvallis, OR.

Morgan, P., G.H. Aplet, J.B. Haufler, H.C. Humphries, M.M.
Moore, and W.D. Wilson. 1994. Historical range of
variability: a useful tool for evaluating ecosystem
change. J. Sust. For. 2: 87-112.

Morrison, PH., and F.J. Swanson. 1990. Fire history and pat-
tern in a Cascade Range landscape. USDA For. Serv.
Gen. Tech. Rep. PNW-GTR-254. Pacific Northwest
Research Station. Portland, Oregon. 77 pp.

Morrow, R.J. 1985. Age structure and spatial pattern of old-
growth ponderosa pine in Pringle Falls Experimental
Forest, central Oregon. Oregon State University,
Corvallis. M.S. Thesis.

Parsons, D.J., D.M. Graber, J.K. Agee, and J.W. van
Wagtendonk. 1986. Natural fire management in na-
tional parks. Environ. Manage. 10: 21-24.

Ratz, A. 1995. Long-term spatial patterns created by fire: A
model oriented towards boreal forests. Int. J. Wild-
land Fire 5: 25-34.

Romme, W.H. 1982. Fire and landscape diversity in subal-
pine forests of Yellowstone National Park. Ecol.
Monogr. 52: 199-221.

Romme, W.H., and D.H. Knight. 1981. Fire frequency and
subalpine forest succession along a topographic gra-
dient in Wyoming. Ecol. 62: 319-326.

Romme, W.H., and D.G. Despain 1989. Historical perspec-
tive on the Yellowstone fires of 1988. Biosci. 39: 695-
699.

Segura, G., and L.C. Snook. 1992. Stand dynamics and re-
generation patterns of a pinyon pine forest in east-
central Mexico. For. Ecol. and Manage. 47: 175-194.

Landscape Ecology of Fire Regimes 33



Silbernagel, J. 1997. Scale perception - from cartography to
ecology. Bull. Ecol. Soc. Amer. 78: 166-169.
Skinner, C.N. 1995. Change in spatial characteristics of for-
est openings in the Klamath Mountains of northwest-
ern California, USA. Landscape Ecol. 10: 219-228.

Spurr, S.H., and B.V. Barnes. 1980. Forest Ecology. Third
Ed. John Wiley and Sons. New York.

Stickney, P.F. 1986. First decade plant succession following
the Sundance forest fire, northern Idaho. USDA For.
Serv. Gen. Tech. Rep. INT-197. Intermountain Re-
search Station. Ogden, Utah. 26 pp.

Swanson, F.J. 1981. Fire and geomorphic processes. In:
Mooney, H. et al. (eds) Fire regimes and ecosystem
processes: Proceedings of the conference. USDA For.
Serv. Gen. Tech. Rep. WO-26. Washington, D.C. pp
410-421.

Swanson, F.J., T.K. Kratz, N. Caine, and R.G. Woodmansee.
1988. Landform effects on ecosystem patterns and
processes. Biosci. 38: 92-98.

Swanson, FJ., J.A. Jones, and G.E. Grant 1997. The physi-
cal environment as a basis for managing ecosystems.
Chap. 15 In: Kohm, K.A. and J.F. Franklin (eds) Cre-
ating a Forestry for the 21st Century. Island Press.
Washington, D.C.

Swetnam, T.W., and J.L. Betancourt. 1990. Fire-Southern
Oscillation relations in the southwestern United States.
Science 249: 1017-1020.

Taylor, A.H., and C.B. Halpern. 1991. The structure and dy-
namics of Abies magnifica forests in the southern
Cascade Range, USA. J. Veg. Sci. 2: 189-200.

Taylor, A.H., and C.N. Skinner. (in review). Fire history and
landscape dynamics in a Douglas-fir late-successional
reserve, Klamath Mountains, California, USA. For.
Ecol. Manage. xx: yy-zz.

Turner, M.G., and W.H. Romme. 1994, Landscape dynamics
in crown fire ecosystems. Landscape Ecol. 9: 59-77.

34 Agee

Turner, M.G., R.H. Gardner, V.H. Dale, and R.V. O’Neill.
1989. Predicting the spread of disturbance across het-
erogeneous landscapes. Oikos 55: 121-129.

van Wagtendonk, J.W. 1985. Fire suppression effects on fu-
els and succession in short-fire-interval wilderness
ecosystems. In: Lotan, J.E., B.M. Kilgore, W.C.
Fischer, and R.W. Mutch (Tech. Coords.) Proceed-
ings—Symposium and workshop on wilderness fire.
USDA For. Serv. Gen. Tech. Rep. INT-182. Intermoun-
tain Research Station, Ogden, Utah. pp. 119-126.

Wallin, D.A., F). Swanson, B. Marks, J.H. Cissel, and J. Kertis.
1996. Comparison of managed and pre-settlement land-
scape dynamics in forests of the Pacific Northwest,
USA. For. Ecol. and Manage. 85: 291-305.

Weaver, H. 1943. Fire as an ecological and silvicultural fac-
tor in the ponderosa pine region of the Pacific slope.
J. For. 41: 7-15.

West, N.E. 1969. Tree patterns in central Oregon ponderosa
pine forests. Amer. Midl. Nat. 81: 584-590.

White, A.S. 1985. Presettlement regeneration patterns in a
southwestern ponderosa pine stand. Ecol. 66: 589-594.

White, P.S. 1987. Natural disturbance, patch dynamics, and
landscape pattern in natural areas. Nat. Areas J. 7: 14-
22.

White, P.S., and S.T. Pickett. 1985, Natural disturbance and
patch dynamics: An introduction. Chapter 1 In: Pickett,
S.T.A., and P.S. White, eds. The Ecology of Natural
Disturbance and Patch Dynamics. Academic Press,
New York.

Wright, C.S. 1996. Fire history of the Teanaway River drain-
age, Washington. University of Washington, Seattle.
M.S. thesis.

Yahner, R.H. 1988. Changes in wildlife communities near
edges. Cons. Biol. 2: 333-339.



	Utah State University
	DigitalCommons@USU
	1998

	The landscape ecology of western forest fire regimes
	J. K. Agee
	Recommended Citation


	tmp.1453578922.pdf.uSrA2

